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» Aumentar a capacidade suporte do solo.
» Diminuir os recalques indesejados nas estruturas.
» Controlar a variacao de volume.

> Reduzir ou controlar a condutividade hidraulica.

» Aumentar a resisténcia do solo para valores adequados ao projeto.










www.wa-rock.com

Estimativa

Vempréstimo — erequerido (aterro)

w varia de 1,1 a 1,15 para solos










Dificuldade em
expulsar o ar

Menor indice de vazios e
maior densidade seca no
teor de umidade 6timo
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Soil parameters
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abaixo da curva de saturacao.

Teor de umidade (%)




Teor de umidade (%)

Lembrar que a energia no campo depende de varios fatores




~ Silts are moisture
sensitive

Notes: TALB = Typical allowable load-bearing borrow
(MP) = modified Proctor
(SP) = standard Proctor

- Zero air voids
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Dry unit weight, y; (kN/m?)
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Comparison Berween Astm D-698-70 and ASTM D-/1557-78
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Quanto maior o teor de umidade ou
maior a energia de compactacao

] . mais a estrutura é dispersa
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Wiater Content - 9%

Figure 6.1 - Typical dry densities for different soils

http:/ /www.iplex.com.au/




« Soquete de 2.5 kg « Soquete de 4.5 kg

* Altura de queda - Altura de queda

305 mm 457 mm

Volume do molde 1000 ml
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Moisture - Percent of Dry Weight
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® Solo residual de Arenito

a Solo residual de Basalto

X{ Granito, Gneiss, Micaxisto

+ Siltito, Argilito
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O valor de w,, pode ser
estimado por

correlacdes estatisticas
entre umidades 6timas
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Optimum Water Content (%)
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From J. David Rogers

O rolo pé-de-carneiro foi patenteado em 1904. it e Sl

O cilindro era preenchido com areia.







Scraper

Dump-truck

Barnes (2000)
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Densidade seca
140

4 Passadas

V — Vibratoério
P — Pneumatico
T — Pé de carneiro

Material Granular




Z AE = Total Energy

NN AN

(c)

Service loading

B, b,
Altos niveis de tensodes de Apenas tensoes elasticas
compactacao induzindo grandes aparecem durante a aplicacao
deformacoes volumétricas de cargas de servico

Modified from Caicedo (2019



Escavacao Ajuste do teor de umidade

Estado natural na jazida Estado do solo escavado Estado do solo compactado




Ajuste de Teor de Umidade

Boulanger
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Relative density (%)
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Density-depth
relationship for larpe
lift height using 5
roller passes
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Additional improvement
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Minimum allowable
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Table 3.3 Lift Thickness and Number of Passes for Different Compaction Equipment

Equipment Type

Applicability

Compacted Lift
Thickness (mm)

Number of Passes

Sheepsfoot rollers

Rubber tire roller

Smooth wheel
rollers

Vibrating sheeps-
foot rollers

Vibrating smooth
drum rollers

Vibrating plate
compactors

Crawler tractor

Power tamper or
rammer

For fine-grained fills or
coarse-grained fills with more
than 20% fines

For clean, coarse-grained fills with
4-8% fines

For fine-grained fills or well-graded
coarse-grained fills with more
than 8% fines

Appropriate for subgrade or base
course compaction of
well-graded sand-gravel mixtures

May be used for fine-grained fills
other than earth dams

For coarse-grained fills and
sand-gravel mixtures

For coarse-grained fills and
sand-gravel mixtures—rock fills

For coarse-grained fills with less
than 4-8% fines, placed
thoroughly wet

Best suited for coarse-grained fills
with less than 4-8% fines, placed
thoroughly wet

For difficult access, trench backfill.
Suitable for all inorganic fills

150

250

150-200

200-300

150-200

200-300

200-300 (soil) to 900 (rock)

200-250

150-250

100-150 for silt or clay,
150 for coarse-grained
fills

46 for fine-grained fills
68 for coarse-grained fills

3-5

4-6

34

Source: Modified from U.S. Navy (1986).




Shear strength

Dry unit weight

Ace Epted
range

A compactacao associada ao desempenho deve ser feita com base em
uma aplicacao especifica.

Por exemplo:

Se o solo compactado € usado para taludes a resisténcia ao
cisalhamento é um dos parametros mas importantes a ser considerado.
Se solo compactado sera para um fundo de aterro sanitario a
permeabilidade deve dominar o requisito de desempenho.

Overall

Permeability

%{/ Dmpactmn curve mrrespnndmg

% / to field equipment

Shrinkage

Moisture content (%)

Daniel and Wu (1993)




Pd

p ﬂ Aproximadamente uma hora
u

1 + w \2 Aproximadamente 24 horas

Comparar de
acordo com a
especificacao




Table 2 — List of the Operation Characteristics of the Devices

Features

NDG

Utility DCP

Geogauge

Clegg
Hammer

10-Kg

Clegg
Hammer
20-Kg

Measurement

Wet & Dry Soil
Density, Soil
Moisture

Penetration
(blow count)

Soil Stiffness &
Young's
Modules

Clegg Impact
Value (IV)

Clegg Impact
Value (IV)

Penetration
{blow count)

Muoisture
Readings

Yes | higher than
oven-dried

MNo

Mo

No

No

MNo

Calibration of
Device

Fequires fisld
calibration

Factony

Portability ¥/

Good

Good

Good

Durability %

Good

Box - Good
Sensors — Fair

Good

Poor

Poar

Good

Standard
Procedure

ASTMD-2922
ASTMD-3017

Mone

Mone

ASTM 6738

ASTM D-5874

ASTM D-5874

ASTM D-6951

Operator skill

Licenzed
Technician

Warker

Waorker

Worker

Worker

Warker

Worker

Ease of use-
Training

Medium —Fequires
Training

Eazy —Minimal
traming

Eazy —Mirimal

training

Eazy-Minimal
fraining

Easy Minimal
fraining

Eazy —Minimal
traiming

Eazy-Fequire
data plotting

Initial Cost

About §6,200

About $1,650

About 3300

About 53,300

About $2400

About 2,400

About $300

About 57 500

1) portability:

Weight and ease of mobility on site
() Durability: The device ability to withstand daily use without damage or breakdown

Gas Research Institute (2005)



Table 6 - The Compaction Measuring Devices

Soil Compaction Supervisor

Dynamic Cone Penetrometer
[Utility DCP]

Dynamic Cone Penetrometer
[Standard DCP]

Geogauge

Clegg Hammers
[10-kg & 20-kg Hammers]

Gas Research Institute (2005)




http://tpj.com.my/hmp.html
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State of California Department of Transportation
(2015)
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GC = Y d aterro
Y d max

AW =W,

terro  YVY6tima

Teor de umidade (%)




My

Pd-aterro = T

M imid
Pnat—tmida = Lcu a

* Retirar amostra na regiao da determinacao da densid
+ Aproximadamente 3,5 kg por ponto
* Minimo de trés pontos




Teor de umidade timo - (wj)
{laboratorio) Teor de umidade (%)

Teor de umidade do aterro (wg)
{campo)




Preparar terceiro Ccorpo de prova
Adicionar 4% de agua
(100 ml de agua em 2,5 Kg de solo)

12 kg passado na # 4

Compactar na

[Na amostra do campo]

umidade de campo e Compactar e determinar

determinar Pwet-3

i
Cravacao de cilindro
Calcular

Determinar C Pconv-3

C = Pwet—campo% 100
Pwet—1 Se Pyet-3 < Pwet2 — Continua
S€ Pyet-a > Pwet.2 — Obter outro
ponto

Adicionar 2% de agua Homogeneizar

(50 ml de agua em 2,5 Kg de solo) Evitar evaporacao

Compactar e determinar

Pwet-2

Calcular Pconvertido

_ Pwet

pCOTl‘U_l-I_(ﬁ)

z - % de agua adicionada

|

Se Pwet-2 < Pwet-1 — Secar a
amostra

Teor de umidade de campo

0

% de agua adicionada



Grau de Compactacao
Determinar D

Calcular

Pwet—campo 100
Pm
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